Ten gibberellins (GAs) have been identified by Kovats retention indices and full mass spectra from GC-MS analysis of purified extracts of sporophytes of the tree-fern, Cyathea australis. These include the known GA,, GA4, GA,, GAls, GA24, GA_3, and GA!m and three new GAs, 12,BhydroxyGA, (GA6,), 12a-hydroxyGA, (GA70) and 12,6-hydroxyGA4 (GA71). The structure of GA7, was established by the preparation and characterization of its methyl ester (as a metabolite of GA4 methyl ester in a culture of prothallia of Lygodium japonicum).
The distribution of GAs is relevant to the evolutionary development of hormonal systems in the plant kingdom. Continuing our previous studies on lower vascular plants (9, 12, 14) we now report the first identification of GAs from the sporophytes of ferns. Of the 10 GAs identified by GC-MS from the young leaves (croziers) of Cyathea australis L. (Alsophila australis L.), three are new GAs which have now been chemically characterized and are allocated (7) the GA-numbers: GA69 (12(-hydroxyGA9); GA70 (12a-hydroxyGA9); and GA7, (12, ) (see Fig.   2 for chemical structures).
MATERIALS AND METHODS
Endogenous GAs in Cyathea australis (Fig. 1) . Plant Material and Extraction. Croziers, 3 to 10 cm in length, (2.5 kg) of C. australis were collected from cultivated plants on the campus of the University of California, Los Angeles, in February 1984. They were immediately frozen and extracted three times with acetone (3 L). The acetone was evaporated and the aqueous residue was partitioned twice against n-hexane (2 L) at pH 5. The aqueous layer was then adjusted to pH 3 extracted three times with EtOAc2 (1.5 L). The EtOAc extract was extracted three times with 5% aqueous NaHCO3 (1 L). The combined 5% aqueous NaHCO3 extracts were adjusted to pH 7 and stirred for 30 min with PVP (150 g). The PVP was filtered off and washed twice with H20 (pH 7.0; 1 L). The combined filtrate and washings were adjusted to pH 3 and extracted three times with EtOAc (1.5 L). The combined EtOAc fractions were dried over anhydrous sodium sulfate and evaporated to give the EtOAc-soluble acidic fraction (4.5 g).
Silicic Acid Partition Chromatography. The acidic fraction, adsorbed on Celite (10 g) was placed on a column of silica gel (64 g; Baker Analyzed Reagent, 60-200 mesh), impregnated (10) with 0.5 N aqueous formic acid (40 ml). The column was eluted stepwise in 200-ml fractions with increasing percentages of EtOAc in n-hexane (Fig. 1) .
Sep-Pak Cartridge Treatment. Fractions from the silicic acid partition column were dissolved in MeOH: H20 (v/v; 1: 1; 2 ml) and loaded on to a Sep-Pak C19 cartridge (Waters, Inc.). The cartridge was eluted three times with MeOH:H20 (v/v; 1:1; 2 ml) and then twice with MeOH:H20 (v/v; 4: 1; 3 ml). The eluates from each solvent mixture were combined and evaporated to dryness.
TLC. The Sep-Pak eluate (17.3 mg) with MeOH:H20 (v/v; 1:1) from combined fractions 5 and 6 (see Fig. 1 Tokyo Shibaura Electric Co., Japan) at 25°C for 3 weeks (11). The prothallia were then transferred to five 100-ml Erlenmeyer flasks, each containing 20 ml of the above medium without agar, GA4 Me (0.5 mg in 50 Ml of ethanol/flask) was added to the culture media. Three weeks later the culture was filtered (1 1) and the filtrate was extracted three times at pH 3 with EtOAc (50 ml). The combined EtOAc fractions (150 ml) were washed with 5% aqueous NaHCO3 (20 ml), dried over anhydrous sodium sulfate, and evaporated to give the EtOAcsoluble neutral fraction (3.6 mg).
HPLC. The The bioactive fractions 3 and 4 were combined and passed through a Sep-Pak column (Fig. 1) . The eluates (Fig. 1) both showed GA-like activity. Fractions 5 and 6 from the SiO2 column were inhibitory in the rice assay. They were combined, passed through a Sep-Pak column (Fig. 1) ; one eluate was inhibitory, the other showed GA-like activity. The inhibitory eluate was chromatographed by preparative TLC and the resulting fractions bioassayed. Zones RF 0 to 0.38 were inactive; zones RF 0.38 to 0.53 were bioactive; inhibition was observed in zones RF0.53 to 1.0. The bioactive fraction from TLC and the bioactive Sep-Pak eluates were combined and designated the low polarity (LP) fraction.
Fraction 11 from the SiO2 column was bioactive as was the MeOH:H20 (v/v; 1:1) eluate from a Sep-Pak column (Fig. 1 The LP and MP fractions were both purified further by HPLC to give bioactive fractions LP-1, LP-2, LP-3, MP-1, and MP-2 which were analyzed by GC-MS (Table I ). The major GAs identified were GA9, GA15, GA24, GA58, and GA71; the minor ones, GA,, GA4, GA35, GA69, and GA70. Gibberellin A1, GA4, GA35, and GA58 (see Fig. 2 for chemical structures) were identified by comparison of the Kovats retention indices and mass spectra of their MeTMSi derivatives with those of authentic samples.
Gibberellin A9, GA15, and GA24 were similarly identified as their Me esters. Of the three GAs which are allocated new GAnumbers (7), GA59 (12, Table III .
In addition to the identified GAs, shown in Table I , several unidentified compounds were detected including, possibly, 16, 17-dihydroxy derivatives of GA12 and GA12-7-aldehyde, a dihydrophaseic acid, an oxodihydrophaseic acid, and a trihydroxykaurenoic acid. But neither authentic samples nor authentic mass spectral data were available to confirm their chemical structures.
DISCUSSION
These results extend the original report (9) that GA-like substances are present in the sporophytes of the tree fern, Cyathea australis. Ten GAs have been identified from the croziers (Table  I) . On the basis of current knowledge of the biosynthesis of GAs, the structures of the identified GAs can be conveniently presented in a hypothetical pathway (Fig. 2 ) from GA12-7-aldehyde. This hypothetical pathway includes the nonselective hydroxylation ofGA4 at positions 1 With the identification of GA36 from the sporophytes of Psilotum nudum L. (12) and GA9 Me from the prothallia of L. japonicum (14) , GAs have now been shown to occur in one genus of the Psilotaceae in one genus of the Schizaeaceae and in one genus of the Cyatheaceae. The Psilotaceae are the most primitive living vascular plants. Our data suggest that GAs are of widespread occurrence in land plants and probably evolved early in the evolution ofvascular plants. In fungi GAs are limited, as yet, to two Ascomycetes, Gibberellafujikuroi and Sphaceloma manihoticola (1) . Gibberellins have yet to be identified from members of bryophytes, algae, and bacteria, although there are reports of the occurrence of Ga-like substances in these three groups (2) .
